The significance was obtained using Wilcoxon Signed Rank test and pairwise wavelet coherence was computed for each possible combination. The Wavelet Phase Coherence using Wavelet Transform gives significantly high results (P<0.05) in EC and EO signals during resting states in frequency interval 0.5-50 Hz overall as well as in the band intervals such as delta (05-4 Hz), theta (4-7 Hz), alpha (7-13 Hz), beta (13-22 Hz) and gamma . By computing the spatial wavelet phase coherence, we observed significant pathways including sagittal factor (anterior-posterior interhemispheric) and lateral factor (perpendicular to anterior-posterior axis). The lateral factor differences have less affect than the sagittal factor. Each band was involved in different activities in some way, however alpha band showed distinct anteriorposterior activity when the eye-closed coherence was higher than the eye open coherence.
I. INTRODUCTION
The nonlinear dynamics in normal resting state EEG are primarily concerned to study the dynamics in normal EEG particularly in alpha rhythm. The previous studies [1] reveal that normal EEG are reflecting weak but significantly nonlinear structure (Gautama et al. These interactions can be measured using the novel time-frequency methods such as "wavelet coherence" most widely used technique to study the EEG/MEG relations and brain dynamics. Single generator activity within brain can be seen in many channels outside the head thoroughly using mapping and topographic maps depending upon volume conduction (Nolte et al., 2004) .
It is very crucial to analyze and understand the functionality of complex systems because their dynamics consists of several complex processes. To analyze the interrelationships between the times series, we require an appropriate method of time series analysis. In the last decades, a multivariate nature of data has paid much attention including applications such as synchronization analysis [12] , wavelet-base time frequency coherence to study the neuronal oscillatory pattern (Rodrigo et al., 2008) , interhemispheric, intrahemispheric and distal EEG coherence in Alzheimer's disease (AD) [13] , waveletbase phase coherence to investigate the relationship between temperature, blood flow, instantaneous heart rate , harmonic detection in nonsinusodial oscillations and time-localized coherence [14, 15] , Cardiorespiratory interaction with aging [16] , fault diagnosis of rotary machines using wavelet (Yan et al., 2014) and Wavelet Phase coherence analysis of arterial blood pressure and cerebral tissue oxyhemoglobin concentrations signals to assess the dynamic cerebral autoregulation (dCA) in response to posture change (Gao et al., 2015) .
In this paper we aimed to investigate the nonlinear dynamics in EEG signals in healthy subjects with eye open and close using Wavelet Phase coherence during resting state. Coherence measure is the phase difference between two signals weighted by amplitude and measured over time in particular frequency. The values of coherence range from 0 to 1, if the value of coherence is 1, it shows the complete agreement in phase difference, and 0 shows the completely random phase difference. This study is aimed to study the EEG coherence by computing topographic and frequency structure. For topographic information, the coherence will be computed over different location such as inter-hemispheric and intra-hemispheric locations, local and global, sagittal and literal etc. in different frequency ranges and relationships in different coherence pairs.
II. MATERIAL AND METHODS

A. Data sets
EEG data with eye-closed (EC) and eye open (EO) during resting states comprising of 129 channels was taken from Neurophysiological Biomarker Toolbox accessible from URL: (https://www.nbtwiki.net/doku.php?id=tutorial:start#.VV XEKkaLXEs) as used and discussed in [2] . The Data contains 16 healthy volunteers (ten females, median age: 27 years, range 21-48) with no history of neurological or psychiatric illness, illegal substance abuse or use of psychotropic medication".
B. Methods
Wavelet is a different form of decomposition to EMD using windowing functions. The major advantages of using wavelet is that it gives optimal time-frequency localization by identifying the frequency of a component at any given time with high accuracy using window function known as mother wavelet [18] . The frequency response is acquired in the desired frequency ranges by stretching of compressing of wavelet function.
A Morlet mother wavelet transform (Goupillaud et al., 1984) is applied. It is a complex plan wave obtained by multiplying a Gaussian envelop function
The wavelet characteristics frequency is for , where part specifies the windows' Gaussian shape and stretches the wavelet w.r.t. scale s and is the basis of Fourier Transform. Here, is known as the central frequency parameter which gives the timefrequency resolution of wavelet; low value of gives good time resolution but bad frequency resolution and high value gives good frequency but bad time resolution. The wavelet transform may encounter same problems of high harmonics as by Fourier transform, however due to its ability to obtain time dependent phase information it can detect the relation between two oscillations and can identify the harmonics caused by nonlinearity. Morlet wavelet is different than Fourier transform in such a way that Morlet is continuous though having same amplitude analogous to Fourier but power spectrum is much different can be computed as:
The significant improvement made by WT over STFT can be seen on frequency scale as the scale of wavelet transform is logarithmic whereas of STFT has linear scale. We can divide the low frequency energy into many more coefficients, thereby distinguishing the many low frequency nonstationary components; these components may be merged in same frequency interval using STFT.
In time-frequency plane [17] , we can know the frequency of an oscillation at every point in time that is influenced by time dependent component. Thus in phase space, the complexity and frequency domain may fail to interpret the useful information of non-autonomous system [3] . The wavelet transform is of time series is then obtained by convolving the complex wavelet of equation 1) with the time series at each scale s. i.e.
The Morlet wavelet transform as defined in 1) was applied to EC and EO in resting states for 19 electrodes according to 10-20 international system. We have used the central frequency of and rescaling in increments of 5 % between s=0.5 and 80 Hz.
When there are two noisy signals interacting to each other with different spectra in power at same frequency, their oscillation whether related or unrelated can be detected significantly over time using the phase coherence. The phases and their differences between two signal are computed for any given frequency component. Suppose the phase difference is the unit phasor, the phase coherence is the amplitude of the mean phasor. We obtained complex wavelet coefficient numbers with complex wavelet denoting the instantaneous relative phase and absolute amplitude for each time and frequency. The relationship between oscillations of different time series can be investigated using the phase information. Thus phase coherence is defined as the relationship between two oscillatory processes at specific frequency. The high phase coherence between two time series is maintained if the characteristic phase difference is maintained between them. Finally, Wavelet Phase coherence determines the possible relationship by estimating the match between the instantaneous phases of two time series.
Consider a complex spectral function with frequency and time i.e. ( ) ( ) ( ) representing the spectral property of signal x(t) in the time-frequency domain.
The amplitude | ( ) √ ( ) ( ) and phase ( 
averaging the coefficients and in time for whole length of time series we can define:
Thus time-averaged wavelet phase coherence as defined by [4] .
The wavelet values of equations (4) can be replaced with a normalized phasor as defined by (Sheppard et al., 2011) :
The averaged phase coherence is defined as:
We can find ( ) to calculate autocorrelation and statistics using ( ) of the unit phasor for the new time series. The phase coherence between two signals is expressed in form of correlation between their components characterize by their amplitude and phase. The coherence increases when the correlation between the envelops also increases and phase difference has small variations in time. There are some experiments such as heartbeat or respiration may produce amplitude modulation, thus one may exclude such sources of coherence and focus on phase only [19] . The tendency of phase difference is thus measured from the magnitude of phase coherence between two signals either zero or fixed phase delay over fixed time. Thus greater the total (mean) phasor shows that there are more similar phase difference values are found between the singles under investigation. Whereas, the small values of phase difference merely shows the random walk in complex plane. The unrelated signals may even exhibits finite phase coherence [14] over finite period of time, and estimated that wavelet phase monotonically increased and grows at rate of instantaneously frequency of component. Thus phase coherence distribution for unrelated signals may gauge significance at each frequency and require to be tested for significance using surrogates with mean, plus one and two standard deviation of surrogate distribution.
Using the Morlet mother wavelet with f 0 =2, lowest frequency wavelet of 0.5 Hz and highest frequency of wavelet of 80 Hz are used to include the all the delta, theta, alpha, beta and gamma oscillations. The wavelet phase coherence was computed from the phases of Eye closed and Eye open during resting states for each 19 electrodes such as C3, C4, Cz, F3, F4, F7, F8, Fp1, Fp2, Fz, O1, O2, P3, P4, Pz, T7, T8, P7 and P8 according to 10-20 system among all possible pairs, where the phase in each case was computed using the wavelet transform.
The electrophysiological brain activities are nonlinear in nature as measured by Electroencephalography (EEG). There are coherent activities in brain not only seen during explicit tasks but also during rest.
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III. DISCUSSIONS
The coherence was computed for 19 electrodes as mentioned above for all possible combinations and resultant matrices contains enormous information which required to be shown in form of topographic maps in one plot. We have computed coherence for each frequency band such as delta, theta, alpha, beta and gamma for both eye-closed and open during resting states. Each large circle in these figures shows the whole scalp where a small topographic map is placed at each electrode position also repressing a scalp and contains the coherence with all possible combination of electrodes. 
IV. DISCUSSIONS AND CONCLUSION
The aim of present study is to investigate the temporal dynamics of resting state EEG using coherence and topographic maps. We have computed wavelet coherence and examined in detail the topography and frequency structure of EEG coherence during resting state in EC and EO subjects. The topographic changes have been observed in delta, theta, alpha, beta and gamma bands however most significant differences were seen in alpha band as reflected in Figure 1 and detailed results for other bands are shown in Table 1 .
Generally, coherence in EC subjects increases in some bands and decreases in other. Pairwise coherence was computed excluding self-coherence in the form of topographic maps. The highest coherence was observed in EC in frontal regions in alpha band. Whereas other bands such as delta, theta, beta also exhibit high coherence in frontal regions in both EC and EO subjects and gamma shows high coherence in EC in Fz and Fp2 only. The parietal regions also shows high coherence in Alpha and Beta bands for both EC and EO and few parietal regions also shows coherent activity in delta and gamma bands. Most of the immediate adjacent electrodes show the higher coherence at all frequency bands [5] . It was also observed overall that when the spatial distance between the electrodes increases the coherence also decreases for both EC and EO at all frequency bands (In Table 1 , the * denote that where coherence of EC was higher than EO).
During EC, the highest pairwise coherence in alpha band was observed in frontal regions (F3-Fp1, F4-Fz, Fp1-Fz, Fp2-Fz, Fz-Fp2), the other bands also shows high coherent activities in frontal (F3-fp1, F4-Fz,Fp1-F3 A decrease in average coherence was seen in frontal and central regions of theta, alpha and beta bands in AD patients. Moreover, particular coherence was identified in AD patients with controls. [5] evaluated the functionality of cortical connectivity and synchronization of regional cortical connectivity in AD patients using EEG coherence measure. The cortical connectivity in AD declined due to decrease in coherence and have potential to distinguish the AD and control subjects.
Relative power and coherence used by [9] to analyze the amnestic mild cognitive impairment in diabetes. They investigated alpha coherence and correlations in intra region (parietal) and inter region (right temporo-posterior, fronto-posterior), interhemispheric (LH, RH), Left posterior (LP)-right posterior (RP) regions in aMIC and control groups and found significant results in alpha frequency band while other bands exhibits no significant differences. From the results, it is evident that topographic maps show differences in arousal and activation during EC and EO. Thus these are not considered as baseline conditions. Moreover, topographic maps using wavelet coherent methods high distinguish the conditions using phase synchronization properties computed from wavelet transform. Thus wavelet coherence methods are more robust to analyze the nonlinear dynamical problems. Thus pairwise Wavelet Coherence in all frequency bands was computed and summarized to see the overall affect EEG in EC and EO during resting state. The table and topographic maps also depicts the increase and decrease of coherence in interhemispheric and intera-hemispheric regions. Thus the current researches will insight the future researches as a biomarker for complex and nonlinear physiological markers in EEG with different pathologies.
